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What is claimed is: 

1 . A composition comprising a recombinant invasin protein of at least 95% purity. 

2 The composition of claim 1 wherein the purified recombinant invasin protein comprises an 
amino acid sequenc<d^>m an invasin protein of a bacterium chosen from the group 
consisting of Shigella spp., Salmonella spp., and enteroinvasive E. coli. 

3. The composition of claim 2 wherein the purified recombinant protein is an IpaC or a SipC 
protein. 7 

4 The composition of claim 2 wherein the purified recombinant invasin protein comprises an 
amino acid sequence choser^m the group consisting of SEQ ID NO: 1 and SEQ ID NO: 2. 

5 The composition of claim 2 wherein the purified recombinant invasin protein comprises a 
-^lelected from the ^consisting of HisTag-B-C, HisTag-A-C, HisTag -A-B, 
TplXSAU IpaCAH, IpaCAII and IpaCAIIL 



6. The composition 
97% pure. 



of claim 1 wherein the purified recombinant invasin protein is at least 



7. The composition of claim_lw_herein the purified recombinant invasin protein compnses an 
amino acid sequence of at least 15 amino acids. 

8. The composition of clairf^w^dn the purified recombinant invasin protein comprises an 
amino acid sequence of at^st20 amino acids. 

9. The composition of clairr^h^Tn the purified recombinant invasin protein comprises an 
amino acid sequence of at^SsOO amino acids. 
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10. The composition of claim 1 wherein the purified recombinant invasin protein comprises 
an amino acid sequence in wWdTno more than 35% of the amino acid residues have been 
conservatively substituted. 



1 1 . The composition of claim 1 w 
an amino acid sequence in which no 
conservatively substituted. 




ified recombinant invasin protein comprises 
10% of the amino acid residues have been 



12. The composition of claim 1 wherein the purified recombinant invasin protein has 
adjuvant activity. T 

13. A method for the production of a purified recombinant invasin protein comprising: 

a) inserting a polynucleotide encoding an invasin protein into an expression 
vector; 



transforming(th^^ into a host cell; 

growing the host cell under conditions conductive to soluble protein 



expression; 



extracting the protein froi/ahpst cell lysate, culture medium, or reconstituted 
^organism with a solution comprising a protein denaturant; ^ _ . 

performing an affinity purification of the invasin protein wherein thejnethod) 
of said purification is performed in the presence of a protein denaturant; 
removing said protein denaturant from the protein solution obtained in(g) 
purification^roSs)of e) until the concentration of the denaturant is at the 
minimum concentration necessary to maintain protein solubility; and 
f ^ap^dly\diluting the purified protein into a volume of denaturant-free solution. 



b) 
c) 

d) 

e) 

f) 

g) 



14. A method for the production of a purified recombinant invasin protein comprising: 

a) combining a polynucleotide encoding the invasin protein and a polynucleotide 
encoding an affinity purification moiety; 

b) transforming the combination of a), in an appropriate expression vector, into a 

host cell; 
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c) growing the host cell under conditions conducive to soluble protein 
expression; 

d) extracting the protein from a host cell lysate, culture medium, or reconstituted 
organism with a solution comprising a protein denaturant; 

e) performing an affinity purification of the invasin protein appropriate for the 
affinity purification moiety encoded by the polynucleotide in a), wherein the 
method of said purification is performed in the presence of a protein 
denaturant; 

f) removing said protein denaturant from the protein solution obtained in the 
purification process of e) until the concentration of the denaturant is at the 
minimum concentration necessary to maintain protein solubility; and 

g) rapidly diluting the purified protein into a volume of denaturant-free solution. 

15. The method of claim 14 wh erein the affinity purification moiety is His-Tag. 

6. The method of claim 13 or 14 wherein/me protein denaturant is selected from the group 
consisting of guanidine hydrochloride^detergents, and urea 

17. The method of claim 13 or/4 wherein the protein denaturant is urea. 

18. The method of claim 1 7 whe rein the concentration of urea is between about 1 M and 
about 10 M. 

19. The method of claim 1 7 wher^^j^ncentration of urea is between about 5 M and 
about 7 M. / 

20. The method of claim 17 wherein tj^o^ntration of urea is about 6 M. 

21. The method of clairnJ4jurther comprising the step of removing the affinity purification 
moiety from the recombinant invasin protein. 
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The method of claim 13 or 14 ivherein the dilution of the purified protein occurs in about 
1 minute or less. / 

23. The method of claim 22 wherein tlfedihmon of the purified protein occurs in about 30 
seconds or less. v^^^ 

seconds or less. J 

□ ^ 

;jj 25. A method for the production of a purified recombinant invasin protein comprising: 

|M a) combining a polynucleotide encoding the invasin protein and a polynucleotide 

Q encoding an affinity purification moiety; 

— i 

; I 

j=y b) transforming the combination of a), in an appropriate expression vector, into a 

[ 3j host cell; 

c) growing the host cell under conditions conducive to soluble protein 

Q 

ifj expression; 

jjj d) extracting the protein from a host cell lysate, culture medium, or reconstituted 

M> organism with a solution comprising 6 M urea; 

10 e) performing an affinity purification of the invasin protein appropriate for the 

affinity purification moiety encoded by the polynucleotide in a), wherein the 
method of said purification is performed in the presence of a protein 
denaturant; 

f) removing said protein denaturant from the protein solution obtained in the 
1 5 purification process of e) until the concentration of the denaturant is at the 

minimum concentration necessary to maintain protein solubility; and 

g) diluting the purified protein in about 10 seconds or less into a volume of 
denaturant- free solution. 
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. An adjuvant composition comprising at le^t one purified recombinant invasin protein, 
wherein administration of the adjuvant coptfposition to an animal in combination with an 
antigen elicts an immune response to#fe antigen. 

27. The adjuvant composition of claifh 26/wherein the purified recombinant invasin protein 
is of at least 95% purity. 

28. The adjuvant composition of clainy^S wfeerein the purified recombinant invasin protein 
is of at least 97% purity 

29. The adjuvant composition of clai m 26, w herein the purified recombinant invasin protein 
comprises an amino acid sequence derived from a protein of a member of the Shigella or 
Salmonella genus, or from an enteroinvasive E. colu 

30. The adjuvant composition of claim 2Q wh erein the purified recombinant protein is an 
IpaC or a SipC protein. 

31 . The adjuvant composition of claim 29^wherein the purified recombinant invasin protein 
comprises an amino acid sequence chosen from the group consisting of SEQ ED NO: 1 and 
SEQ ID NO: 2. 



32. The adjuvant composition of claim 2j)j&herein the purified recombinant invasin protein 
comprises a mutant selected from the group consisting of HisTag-B-C, HisTag-A-C, HisTag- 
A-B, IpaCAl, IpaCAH, IpaCAH and IpaCAIII. 

33. The adjuvant composition of claim 26 wh erein the purified recombinant invasin protein 
comprises an amino acid sequence of at least 1 5 amino acids. 

34. The adjuvant composition 
comprises an amino acid seqiig 




wherein the purified recombinant invasin protein 
*at least 20 amino acids. 
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35. The adjuvant composition of claim 26 wherein the reified recombinant invasin protein 
comprises an amino acid sequence of at least 30 amino acids. 

36. The adjuvant composition of claim £6 J&j^rein the immune response to the antigen is a T 
cell response. 

37. The adjuvant composition ofpfaim 26 wherein the immune response to the antigen is a B 
cell response. 

38. The adjuvant composition of claim 26 w herein the immune response is characterized by 
the production of at least one cytokine by Th2 cells. 

39. The adjuvant composition of claim 38, wherein the at least one cytokine is an interleukin 
(IL). ^ 

40. The adjuvant composition of claim 39, wherein the interleukin (EL) chosen from the 
group consisting of EL-4, EL- 5, IL-6, IL-UTand IL-13. 

41 . The adjuvant composition of claim 26, wherein the immune response is characterized by 
production of at least one class of immunoglobulin chosen from the group consisting of IgG, 
IgE, IgM and IgA. 

/ 

42. An adjuvant composition comprising a purified recombinant invasin protein of at least 
95% purity and having adjuvant activity, the invasin ramein comprising an amino acid 
sequence derived from a protein of a member of Xhp Shigella or Salmonella genus, or from an 
enteroinvasive E. coli wherein administration^ the adjuvant composition in combination 
with an antigen to an animal results in production by Th2 cells of at least one cytokine 
selected from the group consisting orjL-4, IL-5, IL-6, IL-10 and IL-13. 

43. An adjuvant compositionXx>mprising a purified recombinant invasin protein of at least 
95% purity and having adjuvant activity, the invasin protein comprising an amino acid 
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sequence derived from a protein of a member of ^ Shigella or Salmonella genus, or from an 
enteroinvasive £. coli wherein administration ofme adjuvant composition in combination 
with an antigen to an animal results in production of at least one class of immunoglobulin 
selected from the group consisting of IgGflgE, IgM and IgA. 



m 

a 

iji 



I ; 

m 



13 



44. A vaccine preparation compulsing, 

a purified recombinam invasin protein having adjuvant activity, 
at least one antigen, and 

a pharmaceutt<ially acceptable carrier, diluent or excipient. 

/ / 

45. The vaccine preparation of clafim 44/frherein the antigen is an infective agent, a sub unit 
of an infective agent, a biologically acSfrve chemical, or a toxoid. 



46. The vaccine preparation of claim 
group consisting of a bacterium, a vi; 




in the infective agent is selected from the 
ovirus, a protozoan, a parasite and a fungus. 



47. The vaccine preparation of claim 44 wherein the ratio of antigen to purified recombinant 
invasin protein is about one part antigen-tcrbetween about 0.0001 to about 10,000 parts 
purified invasin protein. 



48. The vaccine preparation of claim 44 w herein the rafcro of antigen to purified recombinant 
invasin protein is about one part antigen to between |©out 0.001 to about 1,000 parts purified 
invasin protein. 

49. The vaccine preparation of c\2§gi^*$i}qfic&n the ratio of antigen to purified recombinant 
invasin protein is about one part antigen yS between about 0.01 to about 100 parts purified 
invasin protein. 



50. The vaccine preparation of ^aim 44 wherein the purified recombinant invasin protein has 
a purity of at least about 95%., 



SUBSTITUTE SHEET (RULE 26) 



WO 00/23462 



PCT/US99/24931 



53 

51 . The vaccine preparation of claim 44 wherein the purified recombinant invasin protein has 
a purity of at least about 97%. 

52. The vaccine preparation of claim 44, wherein the purified recombinant invasin protein 
comprises an amino acid sequence derived from a protein of a member of the Shigella or 
Salmonella genus, or from an enteroinvasive E. coli. 

53. The vaccine preparation of claim 52 wherein the purified recombinant protein is an IpaC 
or a SipC protein. 

54. The vaccine preparation of claim 52 wherein the purified recombinant invasin protein 
comprises an amino acid sequence chosen from the group consisting of SEQ ED NO: 1 and 
SEQ ID NO: 2. 

55. The vaccine preparation of claim 52 wherein the purified recombinant invasin protein 
comprises a mutant selected from the group consisting of HisTag-B-C, HisTag-A-C, HisTag - 
A-B, IpaCAl, IpaCAH, IpaCAII and IpaCAm. 

56. The vaccine preparation of claim 44 wherein the purified recombinant invasin protein 
comprises an amino acid sequence of at least 15 amino acids. 

57. The vaccine preparation of claim 44 wherein the purified recombinant invasin protein 
comprises an amino acid sequence of at least 20 amincyrcids. 

58. The vaccine preparation of claim 44^Mreiryxhe purified recombinant invasin protein 
comprises an amino acid sequence of At least^b^amino acids. 

59. The vaccine preparation of claim wherein administration of the vaccine preparation to 
an animal elicits a T cell responseyfeo the antigen. 
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60. The vaccine preparation of clainp^ ^erein administration of the vaccine preparation to 
an animal elicits a B cell response 



e to th^^Tfigen. 




. The vaccine preparation of claim 59, wnerein the immune response is characterized by 
the production of at least one cytokine^y Th2 cells. 

62. The vaccine preparation of claim 61, wherein the at least one cytokine is an interleukin 
(IL). ^ 



63. The vaccine preparation of claim 62, wherein the interleukin (IL) chosen from the group 
consisting of IL-4, IL-5, IL-6, EL- 10 and IL-13. 

64. The vaccine preparation of claim 44, wherein the immune response is characterized by 
production of at least one class of immunoglobulin directed against the antigen administered 
chosen from the group consisting of IgG, IgE, IgM and IgA. 

/ 

A vaccine preparation comprising, 

a purified recombinant invasin proj^in of at least about 95% purity and having 
adjuvant activity, the invasin protein oemiprising an amino acid sequence derived from a 
protein of a member of the ShigelJpOT Salmonella genus, or from an enteroinvasive E. coli, 
at least one antigen, 
a pharmaceuticalh^acceptable carrier, diluent or excipient. 

66. The vaccine preparation of claim 65, wherein administration of the vaccine preparation 
to an animal results in production by Th2 cells of at least one cytokine selected from the 
group consisting of IL-4, IL-5, IL-6, IL-10 and IL-13. 

67. The vaccine preparation of claim 65, wherein administration of the vaccine preparation to 
an animal results in production of at least one class or subclass of immunoglobulin directed 
against the antigen administered selected from the group consisting of IgG, IgE, IgM and 
IgA. 
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. A vaccine preparation for conferring immunity against an organism expressing invasin 
protein antigens comprising, a purified recoHfoinant invasin protein having adjuvant activity 
derived from the invasin protein antig^rre expressing organism against which immunity is 
desired. 



69. The vaccine preparation of claini 6© or 68, further comprising at least one additional 
adjuvant or immune system stimulant. / 

^. A method for dieting an immune resjwnse in an animal comprising, administering to an 
animal an immune response dieting amount of an adjuvant composition comprising a 
purified recombinant invasin pro$£m. 

71. The method of claim 70 wherein the pirmed recombinant invasin protein has a purity of 
at least about 95%. 

the method of claim 70 wherein the p^nfied recombinant invasin protein has a purity of 
at least about 97%. ' 

73. The method of claim 70, further comprising administration of an antigen. 



74. The method of claim 70, further comprising admini/6-ation of at least one additional 
adjuvant or immune stimulant. 




75. The method of claim 70 wherein the/mmijn§ response is a T cell response 



76. The method of claim 70 wherein the'immune response is a B cell response. 



77. The method of claim 70 wherein the immune response involves the production of at 
least one cytokine by Th2cells. 
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78. The method of claim 77, wherein the at least one cytokine produced is an interleukin 
(IL). 

79. The method of claim 78, wherein the interleukin (EL) is chosen from the group consisting 
of IL-4, IL-5, IL-6, EL-10 and IL-13. 

80. The method of claim^73jvherein the ratio of antigen to purified recombinant invasin 
protein is about one part antigen to between about 0.0001 to about 10,000 parts recombinant 
invasin protein. 

81. The method of claim 70 wherem the immune response involves the production of at least 
one class of immunoglobulin. /"^ 

Th e method of claim 81 wherein th^<5lass of immunoglobulin is chosen from the group 



consisting of IgG, IgE, IgM and 

83. The method of claim 70 wherein the purified recombinant invasin protein comprises an 
amino acid sequence derived from a protein of a member of the Shigella or Salmonella genus, 
or from an enteroinvasive E. coli. 

84. The method of claim 83 wherein the purified recombinant protein is an IpaC or a SipC 
protein. - — 

85. The method of claim 83 wherein the purified recombinant invasin protein comprises an 
amino acid sequence chosen from the group consisting of SEQ ID NO: 1 and SEQ ID NO: 2. 

86. The method of claim 83 wherein the purified recombinant invasin protein comprises a 
mutant selected from the group consisting of HisTag-B-C, HisTag-A-C, HisTag-A-B, 
IpaCAl, IpaC AH, IpaC An and IpaC Am. 
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87. The method of claim 70 wherein the purified recombinant invasin protein comprises an 
amino acid sequence of at least 15 amino acids. 



88. The method of claim 70 wherein the ptfififiea recombinant invasin protein comprises an 

89. The composition of claim 70 wherein the piir^ed^ecombinant invasin protein comprises 
an amino acid sequence of at least 30 amino acids^ 



0. A method for stimulating the production of at le^t one cytokine by Th2 cells 
comprising, administering a cytokine productioj^stimulating amount of a purified 
recombinant invasin protein of at least abouf95% purity comprising an amino acid sequence 
derived from a protein of a member of#(e Shigella or Salmonella genus, or from an 
enteroinvasive E. colU wherein thp^ytokine produced is chosen from the group consisting of 
IL-4, IL-5, IL-6, IL-10 and ll/U. 



91 . The method of claim 90, further comprising administration of an antigen. 




92. The method of claim 91 whe rein the ratio of antigen to purified recombinant invasin 
protein is about one part antigen to between about 0.0001 to about 10,000 parts recombinant 
invasin protein. 

93. The method of claim 90, furthe/ccpippsing administration of at least one additional 
adjuvant or immune stimulant. / 

A method for stimulating production of at least/$ne class of immunoglobulin comprising 
administration of an immunoglobulin productio^stimulating amount of a purified 
recombinant invasin protein of at least 95% i2rurity comprising an amino acid sequence 
derived from a protein of a member of th? Shigella or Salmonella genus, or from an 
enteroinvasive E. coli, wherein the ctass or subclass of immunoglobulin produced is chosen 
from the group consisting of IgG/fgE, IgM and IgA 
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95. The method of claim*94r-fiirther comprising administration of an antigen. 



96. The method of claim 95 wherein the ratio of antigen to purified recombinant invasin 
protein is about one part antigen to between about 0.0001 to about 10,000 parts recombinant 
invasin protein. 



97. The method of claim 94 



n / 

, firfthp ccmpr 



prising administration of at least one additional 




adjuvant or immune stimulant / 

A method for the delivery of pharmacologically active substances, therapeutic 
substances, cytotoxic substances, or diagp^stic substances into cells comprising 
administering a pharmacologically agfive substance, cytotoxic substance, or diagnostic 
substance and a purified reconjfcffnant invasin protein. 



"U 
□ 
*□ 



99. The method of claim 98 w herein the pharmacologically active substance, cytotoxic 
substance or diagnostic substance is coupled to a purified recombinant invasin protein. 

/ 

100. A method for the delivery of pharmacologically active substances, therapeutic 
substances, cytotoxic substances, or diagnostic substances to cells comprising a fused protein 
comprising a recombinant invasin prcrt^m and a pharmacologically active substance, 
therapeutic substance, cytotoxic substance, or diagnostic substance. 
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